Introduction
The nature of forest has its capability in absorb a substantial amount of CO 2 from atmosphere. The effort on afforestation viewed as a climate mitigation strategy. However, forest consuming decades to grow and act as natural CO 2 capturer. At the same time, CO 2 level in the atmosphere was reached around 406 ppm on June 2016 [1] that mainly contributed by human activities. Hence, this issue requires close monitoring and advance CO 2 capture technology. CO 2 adsorption involves physisorption and chemisorption phenomenon commonly occurred on any adsorbents. However, these phenomenons certainly have their own preference. Physisorption usually affected by the surface physical morphology whereas chemisorption involves active site that could form chemical interactions.
The natural equilibrium system in absorb CO 2 from atmosphere to the sea and transferred to underground of the sea surface was used as CO 2 capturing. Solid adsorbent of metal oxide such as calcium oxide (CaO) have been known its potential in naturally stored CO 2 as carbonate with the evidence of saturated carbonate located in the 4 km depth lower ground of the sea [2] . The adsorption capacity and desorption trend of iron (III) oxide, Fe 2 O 3 , was reported from previous studies [3, 4, 5] . The carbonate species and CO 2 adsorbed product on Fe 2 O 3 such as bicarbonate, monodentate carbonate, bidentate carbonate, linear CO 2 and bent CO 2 [5, 6] 4 showed buffer capacity thousand times than 0.001 M carbonate solution [7] . These are the materials properties with high basicity could enhance CO 2 adsorption. Therefore, the idea of model catalyst that is known as two components of metals-on-metal oxides and oxides-on-metals [8] was used in this study. The structure of model catalyst system more complex than single crystals, but it still can be carried out by experimentally and theoretically [9] . Thus, the bimetal of CaO and Fe 2 O 3 adsorbents were prepared by impregnation method and identify its adsorption and desorption properties.
Materials and Method
Preparation of adsorbents: The bimetal of CaO on Fe 2 O 3 was prepared by conventional impregnation method. The Fe 2 O 3 was treated by exposed with thermal temperature of 150 °C under N 2 atmosphere. The precursor of 20 wt% Ca(NO 3 ) 2 .4H 2 O from 4 g Fe 2 O 3 was firstly dissolved in 30 mL of distilled water. Ethanol added to that solution which is about 25 % from the distilled water used. The mixture was stirred at room temperature (25 °C) for 2 h and ultrasonicated for 30 minutes to ensure the mixture homogeneously interacted. The mixture was stirred until dry at temperature of 80-100 °C and placed in oven for 24 h at 110 °C. Dried adsorbents were grinded and calcined from 200 to 600 °C under ambient air. These samples labelled as CaO/Fe 2 O 3 x with 'x' represented as calcination temperature of 200 °C, 300 °C, 400 °C, 500 °C and 600 °C. Characterization of adsorbents: CO 2 physisorption measured at room temperature (25 °C) and 1 atm were obtained using a static volumetric technique instrument (gas sorption analyzer, Micromeritics ASAP 2020). Approximately 500 mg of the samples were degassed for 6 h at 200 °C under vacuum in order to remove moisture content and humidity gases prior to measurement. The measurement was conducted in water circulating bath to control the room temperature with using 99.9 % purity of CO 2 as adsorbate. Meanwhile, CO 2 chemisorption was measured by temperature programmed desorption (CO 2 -TPD) analysis from a chemisorption analyzer model Micrometrics 2920 Chemisorb. Approximately 50 mg adsorbent initially cleaned with He flow at temperature 150 °C for 30 minutes to remove traces humidity gases. Probe molecule of mixture gas 5 (v/v) % CO 2 in He was used to performed CO 2 adsorption at 30 °C by saturated flow. The excess physically weak adsorbed CO 2 was removed by He flow (30 ml/min) at 50 °C for 30 min. Finally, TPD was carried out up to 900 °C at 10 °C/min to observe CO 2 desorb from the surface of adsorbent. The effluent gas stream of desorbed CO 2 was monitored quantitatively by thermal conductivity detector (TCD). The phase composition of the samples was obtained with a Bruker AXS D8 Advance type with X-ray radiation source of Cu Kα (40 kV, 40 mA). The crystal structures were verified by recording 2θ diffraction angle from 10⁰ to 90⁰ at wavelength (λ = 0.154 nm). The X-ray diffractograms obtained were matched with standard diffraction data (JCPDS) file for interpretation of crystalline phase. Nitrogen (N 2 ) adsorption-desorption isotherms and textural properties was obtained using above mentioned static volumetric technique instrument. It was conducted in liquid N 2 circulating bath at temperature of 77 K.
Results and Discussion
The CO 2 adsorption isotherms at 25 °C and 1 atm (Fig. 1a) (Fig. 1b) . All information regarding CO 2 -TPD analysis such as desorption temperature range (Range DT ), maximum desorption temperature (Max DT ) and adsorption capacity were tabulated in Table 1 . The adsorption capacity was evaluated from desorption peak that represent the amount of CO 2 The textural properties of the adsorbents were studied from N 2 adsorption-desorption isotherms (Fig. 2a) and its parameters such as BET surface area, total pore volume and pore diameter ( Table  2 ). All of the N 2 adsorption-desorption isotherms exhibited type III profile according to IUPAC isotherms of classification, with typical sloping adsorption and H3 type hysteresis of desorption branches covering a large range of relative pressure (P/Po) where the adsorbent−adsorbate interaction is weak but could be obtained with certain porous adsorbents [10] . The hysteresis proven on the basis of the isotherms ascribed from plate-like particles giving rise to slit-shaped pores from the adsorbent with large ranges of pore diameters, which does not exhibit any limiting adsorption at high P/Po, is observed [11] . The BET surface area of bimetal CaO/Fe 2 O 3 increases with higher calcination temperature due to particles and morphology growth that commonly happened in any metal oxides. In addition, those samples with higher surface area and porosity resulted high CO 2 adsorption at lower P/Pο (<0.01) based on Fig.1(a) .
The XRD diffractograms for all bimetal CaO/Fe 2 O 3 ( Fig. 2b) corresponded to rhombohedral phase of hematite, α-Fe 2 O 3 with lattice parameters a=5.0356 and c=13.7489 (matched with JCPDS 33-0664). In addition, none of the CaO peaks appear at all bimetal CaO/Fe 2 O 3 adsorbents due to well dispersed of CaO particles on Fe 2 O 3 surface. The ultrasonication-assisted plays an important role influencing the dispersion process of CaO on Fe 2 O 3 [12] . Each peak of bimetal adsorbents were narrow compared to Fe 2 O 3 only that ascribed to larger crystallite size after CaO loading which improved CO 2 adsorption and desorption properties [13] .
Summary
Bimetal CaO/Fe 2 O 3 prepared by impregnation method was found could reduce the desorption temperature to 310 °C -490 °C from 490 °C -800 °C. The CaO/Fe 2 O 3 200 sample calcined at 200 °C shows most efficient sample. At lower calcination temperature, the active site that is responsible to attract CO 2 was preserved with adsorption capacity mostly contributed by chemisorption (81.29 mg CO 2 /g adsorbent) over the physisorption (4.64 mg CO 2 /g adsorbent).
